SUMMARY In surveys of 4860 middle-aged men in Caerphilly (South Wales) and Speedwell (Bristol) alcohol consumption has been related to high density lipoprotein (HDL) cholesterol and its major subfractions, HDL2 and HDL3, measured in a single fasting blood sample.
A number of cohort studies' 3 have suggested that there is a U-shaped relationship between mortality from all causes and alcohol consumption. This Ushaped pattern arises from a combination of two opposing trends. Mortality from causes other than coronary heart disease rises with increasing alcohol consumption, the rise being particularly marked amongst the heaviest drinkers. Conversely, these studies and others4 showed that incidence of coronary heart disease deaths and major non-fatal coronary events is highest amongst total abstainers, and decreases with increasing alcohol consumption.
Several cohort5-7 and experimental8'-2 studies have shown that plasma high density lipoprotein (HDL) cholesterol concentration increases with increasing alcohol consumption. High levels of HDL cholesterol are associated with a lower incidence of coronary events,13-17 although one recent study '6 has questioned whether this associatioin is independent of * Now at Department of Medicine, Bowman Gray School of Medicine, Wake Forest University, 300 South Hawthorne Road, Winston-Salem, North Carolina 27103. other factors. High density lipoprotein cholesterol could therefore be a link between higher alcohol consumption and lower coronary morbidity and mortality. 17 There is some evidence from case control studies'8 '9 that the apparent protective effect of HDL cholesterol arises mainly in the HDL2 subclass. The association between the HDL subclasses and alcohol is thus of particular interest.
None of the cohort studies5 7 reported on the association between the HDL subclasses and alcohol consumption. Threela 12 of the experimental studies did measure HDL subclasses, but with contradictory results. We describe in this report the relationships between the major HDL cholesterol subfractions and alcohol consumption in two large prospective cohort studies based in the town of Caerphilly in South Wales and in the Speedwell area of Bristol.
Subjects and methods
The populations and survey methods for the Caerphilly and Speedwell studies have been described
Associations of alcohol consumption with plasma HDL-cholesterol in detail elsewhere. 20 Briefly, the population for the Caerphilly study was composed of men aged 45 to 59 years resident in the town of Caerphilly and five outlying villages. A total of2512 men were seen-89% ofthe 2818 who were found to be eligible for inclusion. In Speedwell, a total sample ofmen from the practices of 16 general practitioners working from two Health Centres were chosen so that they were aged between 45 and 59 years on 1st September 1978, immediately before the study started. A total of 2348 men were seen-92% of the eligible population of 2550.
SURVEY METHODS
The men were invited to attend an afternoon or evening clinic for a general medical and cardiovascular examination. In Caerphilly, alcohol consumption was obtained as part of a self-administered diet questionnaire, which had been completed previously and which was checked at the clinic. In Speedwell the alcohol questionnaire was administered in the clinic by a nurse. Both questionnaires asked about the frequency of drinking alcohol, and the type and amount of alcohol usually drunk. From these questionnaires the volume of alcohol consumed was estimated as the number of millilitres per week.
A standard smoking questionnaire was also administered in both areas. Height, without shoes, was measured with a Holtain stadiometer, and weight was recorded using a beam balance.
The men were then asked to return, fasting, to an early-morning clinic in order to give a blood sample. Fasting samples were obtained from 2368 (94%) ofthe men in Caerphilly and from 2273 (97%) of the Speedwell men. Blood was taken with minimum venous stasis with the subject in the supine position. For the lipid measurements the blood was immediately anticoagulated with disodium ethylenediaminetetra-acetate (1 mg per ml). After centrifugation the plasma was transferred to plain plastic tubes, which were then despatched in crushed ice on the same day to the laboratories.
LABORATORY METHODS
All lipoprotein measurements were completed within 72 hours of venepuncture, plasma being maintained at 4°C while awaiting analysis.
Cholesterol and triglyceride concentrations were measured using enzymatic procedures (BoehringerMannheim; catalogue numbers 236691 and 644200 in Caerphilly; numbers 187313 and 166448 in Speedwell). The HDL fraction was isolated by precipitation of the very low and low density lipoprotein with sodium phosphotungstate and magnesium chloride2' (Caerphilly) and with heparin and manganese chloride22 (Speedwell were measured directly and HDL3 cholesterol was calculated by difference.
STATISTICAL METHODS
The distributions of HDL cholesterol and its subfractions were all slightly skewed towards the higher values. The results presented here are from analyses based on natural units. The analyses were repeated using logarithmically transformed cholesterol concentrations, but this resulted in no material differences.
Both laboratories estimated one of the HDL cholesterol subfractions by subtracting the measured value of the other from the measured total HDL cholesterol. Because all measurements are subject to error, this subtraction procedure occasionally yielded a negative value. This was a very rare event for the Speedwell subjects, in whom the smaller HDL2 subfraction was measured. Among the Caerphilly subjects, in whom the larger HDL3 subfraction was assayed, it occurred in 4% of the men. Although clearly it is impossible for men to have negative values, they were included in the statistical analyses. The alternatives were to exclude the subjects with negative values or to re-code the negative values to zero, either of which would have distorted the distribution, and could have biased the association with alcohol consumption (though the relationship between HDL2 cholesterol and alcohol in Caerphilly was not materially changed by recoding the negative values to zero).
Results
The distribution of alcohol consumption in the two populations is shown in table 1. Consumption was unknown for more men in Caerphilly than in Speedwell because of the method of collecting the data. The mean intake was 204 ml per week in Caerphilly, compared with 125 ml per week in Speedwell. Alcohol consumption decreased with age, and was associated with smoking habit. Ex-smokers, cigar and pipe smokers and light-to-moderate cigarette smokers tended to have similar intakes. Amongst those who had never smoked intake was about one-third lower, while amongst the heaviest cigarette smokers it was 40-50% higher. Mean levels of HDL, HDL2 and HDL3 cholesterol are shown in table 2 for the two areas. Levels of HDL cholesterol were very similar in the two areas. Levels of HDL2 cholesterol were 0 20 mmol/I higher in Caerphilly and levels of HDL3 cholesterol were correspondingly 0 18 mmol/l lower. A comparability study in which 94 blood samples from Speedwell subjects were split and sent to both laboratories showed exactly similar differences: HDL2 cholesterol was 0-17 mmol/l higher in the Caerphilly laboratory, HDL cholesterol was 0 01 mmol/l lower and HDL3 cholesterol was 0 19 mmol/l lower. The conclusion from this is that the differences between the areas in the cholesterol concentration of HDL2 and HDL3 are not real but arise because of the differences in laboratory methods described above. are also shown in the figure, after transformation to standard deviation scores. The linear regression coefficients were, in all cases, highly statistically significant (p < 000 1). The addition of quadratic terms to the model produced no improvement in the fit. In addition to showing that the association between the HDL cholesterols and alcohol was largely independent of their associations with other variables, the multiple regression analyses confirmed the well established24 negative association between HDL cholesterol that were about 0 04 to 0 07 mmol/l lower than non-smokers in both areas. In Speedwell, HDL2 cholesterol was also lower by about 002 mmol/l among smokers. In Caerphilly there was no difference in the HDL2 cholesterol levels of smokers and nonsmokers.
Discussion
These studies confirm the well recognised association between HDL cholesterol concentration and alcohol consumption. In Caerphilly, HDL cholesterol increased by 0 026 mmol/l (1 0 mg/dl) with each increase of 100 ml/week in alcohol consumption. The corresponding figure in Speedwell was 0 040 mmol/l (1 5 mg/dl). These increases are at the lower end of the range of increases reported in the literature.5-12 This mixture of small experimental studies and large observational cohort studies demonstrated increases in HDL cholesterol ranging from about 1 5 mg/dl to 3 0 mg/dl for an increase of 100 ml of alcohol per week. The present studies found no association between alcohol consumption and plasma total cholesterol concentration, and this is a consistent finding throughout the literature.57-9 11-12 We found that total triglyceride increased with increasing alcohol consumption, as did both the other cohort studies5 7in which triglyceride was measured.
While the change in HDL cholesterol with alcohol consumption which we have observed is consistent with the existing literature, there was a substantial difference in the size of the effect between our two areas. This may have been a consequence of errors of measurement. The regression coefficients for alcohol should have been largely unaffected by random errors in the measurement of HDL cholesterol. However In the Lipid Research Clinics follow-up study,17 part of the effect of alcohol consumption on cardiovascular mortality was shown to be mediated through HDL cholesterol. A partial mediation of the effect is the most that could be expected if the protective effect of HDL cholesterol arose largely through the small HDL2 subclass, as has been suggested.'8 19 However some studies27 show both HDL2 and HDL3 cholesterol to be lower in subjects with evidence of ischaemic heart disease. Only one prospective study28 has so far been reported. In this study total HDL subclass mass was measured rather than HDL subclass cholesterol and it showed that both HDL2 and HDL3 mass were reduced in men who later developed ischaemic heart disease. The first follow-up phase of the two prospective studies reported here is nearly complete and will provide much needed information on the inter-relationships between the HDL cholesterol subclasses, alcohol intake and ischaemic heart disease. 
